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1. OUTLINE OF FUNCTIONS AND FEATURES 


1.1 Outline of Functioms 


‘The YM2151 is an FM-type sound generator equipped with an 8 bit bus line and capable 
of producing superb audio quality via a microprocessor program. When this IC is use in tandem 
‘ith the specially-developed YM 3012 D/A converter, you can obtain &-note, eft-ight/2-channel 
audio signals. 

In addition, this unit is equipped ith noise, vibrato, an amplitude modulation cireuit, a 
sound effects circuit, and timer. 

‘The package is a 24-pin dual in-line peckage. 


1.2 Features 

© Generate up to 8 notes. 

© Generate noise. 

© Timbre can be altered temporally. 

(© High harmonic can be de-harmonized fram the base frequency. 
© De-harmonize between octaves. 

© Interval settings of up to 1.6 ceats. 

© Add vibrato and amplitude modulation, 


© Generate a variety of sound effects by extreme de- harmonization of the bigh harmonic fram 
the base frequency and massive vibrato end amplitude modulation. 


1.3 Summary of the Principles of FM-type Sound Geaeration 


FM-type sound can be exprested via 2 basic configuration like that depicted in Figure 1.1. 
If this were to be expressed formally, it would look like this: 


Fig 11 


(cso 


FO) = AUPsin((Ne~ De}ewe + BUt}*sin(Nen + Brayron] 


A(®): Volume envelope 

‘B(t) : Timbre envelope 

Nk. 1/2 of the basic pitch or multiple value 

Dx: 1/2 of the baste pitch (1.6 ceats) harmonic value 


For example, when B(t) = 0, you get 3 sine wave of (Ne + De) times with respect to the 
basic pitch. In this case, iF we assume values for Ne and De like those given above, we will obtain 
21/2 the basic pitch of a sine wave of multiple value, As long as the value for Ds is not 0, the 
‘output will indieste a pitch sine wave slighily offset from 1/2 the basic pitch or multiple value 
‘Wren Bit) is greater than 0, the output will not be a sine wave but a wave form including a 
high harmonic component, because B(t) © sin (Nm + Dm) * wt is added onto the (Ne ~ De) 
‘+ wt phase information. It therefore follows that a variety of wave forms including 2 high 
harmonic component cin be obtained by selecting different values for Bit) and (Nm ~ Dm). 
Also. the timbre can be altered and output by temporal adjustment of B(t). 


‘Actual output patterns when altering the value of B(t) and (Nm+ Dm) and adding i! onto 
the previous pattern are indicated in Fig. 1.2~1.9. 


Fig. 1.2 Fig 13 
(Ne+ De\(m+ Dm) 1, BO=6 (Ne+ De},(Nm+ Dm) = 1, BO) 0.8 
Fig. Lt Fig. Ls 
(Nc+Dey/(Nm+Dm)=1, Bi)= 10 (Ne+ Deyn + Dmy= 1, BITS 
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Fig. 16 Fig. 1.7 


(Ne+Dey(Nm-+Dm)=1, Biy-2.0 (Ne+ De) (Rm Dm) =0.5, 8(4)=0.5 
Fig. 1.8 Fig. 19 
(Ne*Dey(No+ Dm) =0.5, B= 10 (Ne+De)/(Nm + Dm) =05, BIN=15 
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‘The YM2ISI is equipped to handle 7 different kinds of combinatory connection methods. 
with to circuits composed of this basic structure assigned to a single sote, which can be arranged 
senally of in parallel, or made 10 act as only a sine- wave sound source, Ia addition, with the 
tunit set up as in Figure 110, with inclusion of a circuit that takes one’s own owipat signal and 
retums it to oneself, vitually any type of wave form can be obtained via proper adjustment 


Fig 1.10 
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Ap example of the wave form in this exse is depicted in Figure 1.11 


Fig La 
Example outpat of a-point waveform, 


2. CONSTRUCTION AND FEATURES 


2.1 Block Diagram 
‘The block dingram is as depicted in Figure 2.1. 


211 REG: Register 

“This is 256-byte area register forthe storage of data which in turn drive and set the individual 
rection civuts to be explained later. The address tap is shown in Figure’ Whea thisregier 
is at initial clear (IC terminel="0%), all is “O" level. 


| B:_WRITE BUSY FLAG (READ MODE) 

‘The bitin the diagram below is shown being written in. From the time the write command 

Tae gered unt the write is completed, a period of 68 bits is required, Duving ths tine 

ihe fag reads “1”. When continuing data and writing i, itis nevestary to confirm thet the 
fag reads “0” before writing in the next detum. 


* CT: CONTROL ouTPUT 
Bits Ds and Dr correspond to oulput terminals CT} and! CT2 and comprise the External 
Soptrel output port, AU initial clear (FC termuinal ~ “0"), the CT: and CTs terminals read 


0" level, 
PPOORET 
cr 
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Len 


* KON, KEY ON 
As shown ia the figure below, when entering a key on (off) which corresponds 1o 2 hit 
Shaanel number and a 4-bt slot, the sound source begins (ends), Writing in "I" for the eel 
SLSN tums the key op, while writing in “O” turns the key off For the chanel number seme 
Grr fo the channel aumber in Figure 2.2. The SN bits Di, Ds, Ds, and Ds conrespund te 


Mi, Ci, Mz and Cz 
Exbio-b-pp oy 


GN CHNe 


21. 


PG: Phase Generator 

‘The phase information needed to fix the carrier frequency and modulator frequency is 
generated here by KC, KF, MUL, DTI, DT2, PMS data from the REG. Also, the production 
of vibrato effects by data [rom the LFO and sound effects due to frequency modulation, etc. 
is carried out at the PG. 


* KC: KEY CODE (OCT, NOTE) 

The ey code uses a datum per note, and a datum is composed of 7 bits as depicted in 

the figure below. The first 3 bits express the octave (B octaves), and the last bite express 

the note. The relation between octaves and notes on the one hand and intervals on the other 

is depicted in Figure 24, A sound frequency of 4400 Hz can be obiained by setting the 

device clock frequency at 3.57954 MHz and entering frequsncy data KCXOCT=<4, 
NOTE~10), KF~0, MUL~1, DT1~0, DT2=0, PMS=0. 


* KF: KEY FRACTION 

The key fraction uses @ datum per note, and a daturn is composed of 6 bits as depicted 

in the figure below, With these 6 Bits of data you can fi the phase information by dividing 
the note interval (100 cenis) into Gent segments (See Figure 2.4) 


B 
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© MUL: PHASE MULTIPLY 
Four data set one note, comprised of 4 bits as indicated in the figure below, With this 
function you can multiply the KC- and KF-input phase information, as shown in Figure 
23. 


EEE: 


Bn MUL 


| DTI: DETUNE (1) 

Four data set one note, comprised of 3 bits as indicated in the figure above. With this 
funetion you can detune the phase information from the frequency vis-a-vis the KC- and 
KF.iaput phate information, as shown in Figure 2.6. Also, the phase information from this 
DTI undergoes scaling via the key code, 


© DI2 DETUNE.@) 

Tour dataset one note, comprted of 2 bits s indicaed in the figure below, With this 
union you can earry out gross cetsning of the phase information from the frequency 
sare che KG: and KE-input phase information, as shown in Figure 2.7. Thisisefexive 
when gencrating sound feet 

pra J 
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¢ PMS: PHASE MODULATION SENSITIVITY 
‘One datum used (0 set a note, compnsed of 3 bits as indicated in the figure below. You 
con obtsin vibrato and Lrembling sounds from the LFO (low frequency osallator) signals 
that express band width in 8 bits by adding them to the KC and KF. As indicated in Figure 
2A, this sensitivity can be controlled at 8 different levels. The value indicated here obtains 
‘when the LFO output is at its maximum valuc. 


fran 


21.3. OP: FM Operator 

Picks up the phase information from the PG and reads out the sine table, The readout signal 
is multiplied by the envelope information from the EG. Atend of OP citcuit, conection switch 
js activated, oF you ean control the volume of feedback the phase information as necessary 
Here, the FM-modulated signal is transmitted to ACC. 


© CON: CONNECTION 
‘Ore datum used to set a note, comprised of 3 bits 28 indicated in the figure betow, With 
this CON, you can construct a distinct &-aote OP ciresit configuration that will allow you 
to produce all 8 notes with various timbre, 
Figure 29 shows this circuit construction 


(LEBEEPP 
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FL CON= (Fo 


¢ FL; SELF FEEDBACK LEVEL 
‘One datum used to cet a note, comprised of 3 bits ax indicated in the figure above, The 
FL level can be controlled for all notes as shown in Figure 2.10. 


214 EG: Envelope Generator 


‘The EG output is multiphed by the signal appearing after the OP reads out the sine table, 
imparting timbre and volume alterations. Whea the key on is entered at the EG. the EG changes 


in the manner indicated in the following figure, 


be | 


© AR: ATTACK RATE 


When the attenuation volume is ¢x- 
pressed as a logarithm, the attack changes 
exponentially and the decay changes in a 
straight line 


The movement from TA 1 TDI, as 
well as from TDI to TD2, is carried out 
when the attenuation volume is @-€B. as 
well as at the first decay level (DIL), 


Four data used to set a note, comprised of 5 bits as indicated in the figure below. When 
key on is entered at the EG, the attenuation volume diminishes, and after the attack time 
(TA) the attenuation volume approaches 0 dB, The attack time cup be set by means of the 
AR as in Figure 2.11, Also, the AR is scaled by the key code, so refer to Figure 2.12, 


[paolo 
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© DIR: FIRST DECAY RATE 


Xe 


Four data used to set a note, comprised of 5 bits as indicated in the figure below. When 
the attenuation volume is 0 dB, the EG automatically moves to first decay, obtaining first 
decay level, This first decay time (TDI) can be set by meuns of the DIR as in Figure 2.11 
Alse, DIR 1s scaled by the key code, so refer | Figure 2.12, 


EXE E 


© DIR: SECOND DECAY RATE 


Four data used 10 set a nove, with a datum 


——ar 


Dir 


comprised of 5 bits as indicated in the figure 


below. When the first decay level has been pasted, the EG automatically moves to second 
éecay and remains inthis state until key off. This second decay time (TDD2) can be set by 
means ofthe D2R asin Figure 211. Also, D2R is scaled by the key coe, so refer to Figure 


22 
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© RR: RELEASE RATE 
‘Four data used to 3et a acte, with 4 datum comprised of 4 bits 35 indicated in the figure 
below With key off the EG begins release and attenuation advances toward the maxima 
onuotion volume (96 4B). The release time (TR) can be set by means of the TR as in 
Figure 211. Also, RR i scaled by uhe key code. srofe to Figure 2.12 Nowe that because 
the RR contams one less bit than ther DIR of D2R, resolution will be poor 


poy 
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© KS: KEY SCALING 
Four dota used to sct a note, with s datum comprised of 2 bits as indicated ia the igure 
below. The KS scales the AR, DIR, D2R, and RR tates according to the key code, and this 
gealing can be controlled va four different levels as indicated in Figure 2.12 


Ks 


‘The attack, firt decay, second decay, and release times are set by cach rate after it bas 
sealed 


© DIL: FIRST DECAY LEVEL 
Four data used to set 4 note, with a datum comprited of bits a indicated sn the figure 
low. When EG passes this level it automatically moves from first desay to second decay: 
With a 3 dB resclation, each bit weghted as indicated in Figure 2.13, 


poe TIT) 
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© Th: TOTAL LEVEL 
Four data used to set a note, with a datum compnsed of 7 bits as indicared in the Ggure 
below, The EG ealeulates the total level (expressed as attecuation volume) operated By the 
EG with respect 10 each time and outpots this figare to the OP. controlling the timbre 
(modulation) as weil as the volume Minimum resolution is 0.75 4B, with the its weighted 
as indicated in Figure 2.16 


a 
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«AMS: AMPLITUDE MODULATION SENSITIVITY 
Me grand teat a note, compro of 2s as indzated i the fiw Hoe. TAS 
EG can carry out amplitude ‘modulation using (8-bit) LFA data from the LFO. Maximum 
epltede modulation can beset 2 indicated im Figure 2.15. 
Ee) ee) 
ORS 
ms me ON Bik 


‘You ean decide whether or not to modulate a particu slot by using (he AMS-EN switch 
we eSmng out amplicade modulation. AMS data is set for every channe 


215 NOISE: Nolse Generator 

5 se the NOISE control is on ENABLE. the 32nd slot is changed to th mie slot. The 
vise 8 i controled by the NOISE GENERATOR clock externally snd 28 tbe changed. Also. 
BRE elope was the 32nd elt for the envelope fasetion, but a his elm transformations are 
AR omartmic. che attack endergoes exponential change and the dese undergoes straight-line 


«NE; NOISE ENABLE. 
‘NE is available if the (D2) bit is set at 


pxkGibb bl 
od 
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I, making the 32ad bit slot the noise slot. 


8 NFRQ: NOISE FREQUENCY 
"The relation between NFRQ and noise frequency is 


ou (KH) 


fF some (KH) =SyeNeRQ) TO SASKH2  (YM2I5I added eloek frequency) 


and can be changed throughout a range of from approximately 3.5 kHz to 111.9 KHZ. 


‘At this point the noise period value is 


wt 
1 nome (SEC)= 7 ST) 


‘and can range from approximately 37.5 soc to 117 se 


21.6 LFO: Low Frequency OSC 
‘tne LEO. which ean contro! oscillation waves over 3 wide Speci (from approximately 
53 MHz to 0.008 Hz), vag several available, providing sound 
couree frequency modulation and amplitude modulation, 

was fh point the cup level cam Be controlled withthe signels used for the frequency 
‘modulation and emplitude modulation. 


¢ LFRQ: LOW FREQUENCY 
[With the following & bits the oscillation frequency can be set as indicated in Figure 


CooReNCACRCEEN| 
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TFRO. 


«W: WAVE FORM 


‘With the following 2 bits 4 different types of frequency (PM) and amplitude (AM) mo- 
ulation can be output 
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e PMD/AMD: PHASE MODULATION DEPTH/AMPLITUDE MODULATION DEPTH. 
vnch datum is composed of 7 bis, with the data assigned to the first bit distinguishing 
netacen PMD and AMD. The PMD and AMD control the frequency modulation/amplitude 
redutation signal output level to a resoution of 1/128. As you may have guessed (fom tBe 
previous section on wave forms, the PMD-controlie item isthe 2s complement and the 
AMD-controlled item is binsry. 
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© TEST? (LFO RESET) 

‘The LFO output wave form is reset by catering “1” oF “0” int the bits depicted in the 
diagram below from among the est signals when turning on the unit. The process will restart 
from the left edge of the previous wave form, providing synchronization nce the various 
modulations are activated 


© NOTE: This isa TEST-use sienal; entering level” 1” data in place other than the designated 
bit will cause the device to into the test mode. 


— 
LLecro reset 


217 Timer 

“The Timer actually consists of two different timers: a pre-set 10-bit Timer A and 2 pre-set 
‘bit Timer B, Both timers can be started and stopped. Whea there is an overflow, Ubese timers 
Furusion to insert a flag into the data bus. Also, for Timer A there is 2 key-on function that 
ic activated when there 1s an overflow, At this point it is necessary stop the interrupt. and there 
is a control for this as well 


© CLKALICLKA2 
‘Ay indicated in the following dingram, these are composed of 2 words of 10 bite With 
these, Timer A generates an overflow at the indicated period 


(Pleb-[pJo oso fp] 
——_ 
caar 
RA RREASEOLACIIES) 
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cLKA? 


Ta (ms)= 


ou (KHZ) 
1D gun3679.MSKR2 (YM2ISI added clock frequency) 


= CLK 
‘Composed of 8 bits as indicated in the following diagram. With these, Timer 8 generates 


fan overflow at the indicated peniod 
(54> JoJo Joro bod 
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10246(256-CLKB) 
(KHZ) 
[a OM=3579.54SKHz — (YM2IS1 added clock frequency) 


To (ms)= 


« LOAD 
“fhe stort/stop action of timers A and Bis controled with the 2 bits depicted inthe following 


sigue Eoteing “1” ars te mer, while entering “0” stops them 
CCT bial 


amved 
TOAD 


Le trimer & start 
Timer B start 


© FRESET 
hate 2 bits reset the flag register contents indicating thatthe timers mentioned previously 


have generated an overflow (*1" reset) 


oe 
axct 
| Ce ine Anas epee 
(ET TESS has pert 


© IRQEN 
AE 2 bits enable you to inhibit the flag register indicating thatthe Timers mentioned 


previously have gencrated an overflow. 


Cer 


magn 


La imes A 1RQEN 
Timer B IRQ EN 


° csM 
“Entering “1” in this slot enables you to enter a key-on in all sown 


1d source slots when 
Timer A. generates an overflow. 


cu 
Le ime a 


ey-oo can be pivte to al slots ofthe sound genersoe, 


IST: (READ MODE) 
‘The 2 bits to be discussed below indicate the status of the flog register, When the TRQ 


pin terminal reads “0”, one of the 2 flag registers will indicate thatthe overflow from e:ther 
Timer A or Timer B and that the level status reads “1” 


Le tamer & FLAG 
Timer B FLAG 


21.8 ACC: Accumul 

‘This fonctional unit takes the L/R coatrol signal from the register. mputs the musical signa! 
data into either the L sequence or the R sequence, or into both the L and R sequences simul- 
eneously. and accumulates i. The accumulated L/R sequence signals are then alternately output 


te the serial in mantissa 10-bit (including the sine bit) and index 3-bit offset binary format from 
the LSB, (Refer to Figare 2.17.) 


«LR: LEFT CHANNEL ENABLE RIGHT CHANNEL ENABLE 
"This is the control signal for used to divide the 2-bit signal from the OP between the Left 


and Right sequences or input itt the simultaneous dus} accumulator, as indicated in the 
following figure 
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Fig. 2.2 Slot Designations 
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Fig. 24 KEY CODE, KEY FRACTION 
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Fig 2.$ PHASE MULTIPLY 
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Fig. 27, DETUNE(2) 


wE-w-a | 
eo Le 
wt 


Fig 2.8 PHASE MODULATION SENSITIVITY 
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Fig 29 CONNECTION =(F5) 


Fig 2.10 SELF FEED BACK LEVEL 
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Fig 2.11 ATTACK, DECAY TIME 


{In Figure 2.12, the 6 bits of the RATE after they have undergone key scaling are divided 


in two parts and are thus expressed as the first 4 bits and the last 2 bits. 


10%)" tables express the amount of time it takes for the 


“00% ~ 


and 
level to reach 90% from 10% and from 90% to 10%. 


The “(10% ~90%6)" 


‘Ths “(96 dB~0 dB)" and “(0 dB~96 dB)” tables express the amount of time it takes for 


the level to reach 100% from 0% and from 100% t0 0%. 


‘These tables assume on = 3.6 MHz 
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Fig. 2.12 KEY SCALING 


(+) RATEs that have undergone key sealing have doubled the input rate (R) and added the 
values listed in the table below (Ras). 

(+9) AR, DIR, and D2R use the values entered in the register for input rate (R). However, for 
RR’ calculation of double the values entered in the register plus I has been used for the 
input rate (R). 


RATE =2eR+ Ris ‘When calculation results yiekd 2 value greater than 63, 
assume all RATEs = 63. 


SR: Input rates 

Res: The values listed in the following table, found by using the KEY CODE and KS. 
However, the KEY CODE used here refers to the KC’ of the last 2 detached bits of a 
rote, as indicated in the following diagram. 
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Figure 23 Bits and weighting of the First 
DECAY LEVEL 


* The decay level 
dB will be added if D: through 
De are ALL “I= 45 dB, 


Figure 214 Bits and weighting of TOTAL 
LEVEL 
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Fig. 2.16 LOW FREQ. OSC 
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Fig 2.17 SO. 61. SHI, SH2: TIMING 
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22 Pin Wiring 


‘The YM2ISi uses a 24-lead dual in-line package. The terminal signals are indicated in the 
following diagram. 


Top View 


221 Pin Functions 


© De~Dr: Address/Data Bus (input/output high impedance} 
‘A multiplex bus that can be used for both address and data; inputs an 8-bit parallel signal 
between an external device und the internal register. 


© AO: Address/Data Select (Input) 
‘When AO= 0", the De~D> sigaal is processes as an address signal; when AG: 
‘De~D> signal is processed as data, 


the 


© WR: Write (ape 
When there is write signal, the signals in the bus can be entered 


© RD- Rest Gapu) 
‘When there is a read signal, the internal signals can be read out via the bus 


+ TS: Chip Selec (Inpww) 
‘When there is « chip sect signal, the AO, WR, and RD signals become operative and 
the De~D> bus data can be entered in the intemal register or internal data ean be read out 
on the Ds~ D> bus 


TE. tna eae anpan) 
Invernal registers and circuits are inalized when this terminal reads “0 


TRO. Interrupt request (Ourpoe: Open drain) 
If cther of the 2 types of timer counters begins a carry owt, his signal will read out a 
0" level and request an interrupt ftom the CPU. Then, with the CPUs readout of the data, 
the nit will determine from which timer the interrupt request es heen made and will pracess 
the interrupt 


CTI, CT2 Control 1, Control 2 (Outpuy 


‘This is the terminal that is used to control an external devise and should read “0” level 
‘when at initial condition. 


‘SO: Serial Ourpat (Ourpat) 
Takes the tone signal divided between the 2 tefi and right channels, outputs tt 2s serial 
data, and sends it to the YM3012 D/A converter specially developed for use with the YM215t 


SHI, SH2; Sample and hold 


Used to pick up the serial data supplied to the YM3012 D/A converter. and for sampling 
hold after analog conversion. 


eM: System clock (Input) 
Inputs the clock @M that drives the YM2I51, which is iatemally broken dowa to and 
used at 1/2 the frequency. The @M is the reference for the tone signal 


‘81: Clock for D/A (Output) 


This clock drives the D/A and operates at the same frequency as the clock inside the 
M2151. Also, when the ¢1 level shifts from “I” t0 “0%, the RQ. CT, CT2, TO. SHI, 
‘SH? and SO signals all change 


Voo: Power Supply (input) 
Normally supplies at +5V. 


Vss_ Grand (Input) 
Coneets the system grand. 


3. DEVICE SPECIFICATION 


3.1 Maximum Ratings 


‘Voltage Range 


~0av + TV 


‘Operating temperature 


orc ~ + WC 


Storage temperature 


=s0°C = +12 


32 Electrical Characteristics 


[MIN] [TYP] [MAX] 


1) operating supply voltage (Vs to Veo) 475 sav 

2) clock (284) 
Voltage level -03 os 
Voltage level “wn 20 Yoo 
Rise time (Fig) Te © oo 
Fall ime (ig) 1 0 ots 
ONtime (Fig3-1) Tox 109 ss 
Frequency Fest 3035840 Me 
Input capacitance CoM 10 pF 


Fig 31 


Pruase Dara 


(ay rye) (MAXy 
3) ALL INPUT 

Voltage level “0 ~03 os 

Voltage level “17 20 Voo 
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Voltage lve! “07 -03 os 
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Input Leak Current (Fig.3+5) f. 

(at 25°C Vi=0-Vex) -10 10 

Input Current (Fig 3-6) lip (at Voo= $V) 10 « 
7) [TRQ*, CT, C42, Do-D7, SHI, SH2. SO, ol] 

Load Current (Fig 3-7) In (at Vio=0.4¥) 24 

* OPEN DRAIN 
8) WRITE/READ TIMING (Fig 3-23. Fig.3-2b) 

Address Set-up Time ss) 10 

Address Hold Time 7a) 10 

ES WRITE WIDTH (Tew) 10 

WR WRITE WIDTH aH 190 

WRITE DATA Set-up Time (Tos) #0 

WRITE DATA Hold Time (Tow) 0 

READ DATA Access Time (Tae) 180 

READ DATA Hold Time (Tous) wo 
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Fall time (Fig 3.3) Th 

Loa¢ capacitance CL (Fig 3-7) 
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Rise time (Fig3-3) Tr 

Fall time (Fig.33) TT 

Load capacitance CL (Fig-7) 
11 POWER Supply current tne 


12) POWER Dispation Po (at Yao 5.25V) 
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Fig. 32a WRITE TIMING 


NOTE: Tos and Teas use as a reference either CS or WR, whichever has attained High 
Level. 


Fig. -2b READ TIMING 
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NOTE: Tase uses as a reference cither CS or RD, whichever is the last t0 attain Low 


Level 
Tone uses as a reference cither CS or RD, whichever has attained High Level 


Fig 4.1 SYSTEM BLOCK DIAGRAM 
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Fig. 4.2 DAC INTERFACE 
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4. INTERFACING 


Figure 4.1 is a block diagram of the basic configuration of the Unit, including the micro- 
roeessor or microcomputer, DA converter, and speakers, in addition to the YM2ISI. As its 
possible that you may alter the data if you operate this device without synchroaizing it with 
the microprocessor or microcomputer, you can dnve the unit by using a separste clock generator 
to achieve the required sound levels. 

With the YM2151 and the DAC configurated as shown in Figore 4.2, you can have both 
left and right, 2-channel output. 


fo) Bl | 
kets ak 
E 


dibs 4 ae Liss 
zal 798 Te nr eS 


